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 GHPRQVWUDWHG WKH SRWHQWLDO RI XVLQJ VRLO DV WKH SUHFXUVRU ZLWK DQ DONDOLQH
DFWLYDWRU LQ D SURFHVV GHVFULEHG DV ORZ WHPSHUDWXUH JHRSRO\PHULF VHWWLQJ 9DU\LQJ PHFKDQLFDO
SURSHUWLHVDUHDFKLHYHGZLWKDNDROLQLWHEDVHGODWHULWLFVRLOWKDWLVPL[HGZLWKDQDONDOLQHK\GUR[LGH
WKDWLVVHWXQGHUGLIIHUHQWWHPSHUDWXUHV'DYLGRYLWVVWDWHVWKDWDEORFNWKDWLVZDWHUVWDEOHDQG
KDVDFRPSUHVVLYHVWUHQJWKRIWR1PPFDQEHDFKLHYHGZLWKWKHDGGLWLRQRIWRRIDQ
DONDOLQH DFWLYDWRU +LJKHU FRPSUHVVLYH VWUHQJWKV FDQ EH DFKLHYHG ZLWK LQFUHDVLQJ DPRXQWV RI
DFWLYDWRURULQFUHDVLQJWKHWHPSHUDWXUH
&RQVLGHULQJ WKDW VLJQLILFDQW FRPSUHVVLYH VWUHQJWK FDQEHDFKLHYHGE\XVLQJDQDONDOL DFWLYDWRURQ
FOD\PLQHUDOVWKHQWKHUHLVSRWHQWLDOIRUPHFKDQLVPWREHXWLOLVHGWRVWDELOLVHEULFNVRLO/LWHUDWXUH
ZLWK UHVSHFW WR WKH FRPSUHVVLYH VWUHQJWK RI WKHVH JHRSRO\PHUVPL[HVZKHQ XQGHU IXOO VDWXUDWLRQ
FRQGLWLRQVLVOLPLWHG*HRSRO\PHULVDWLRQRIWKHQDWXUDOEULFNVRLOPD\DFKLHYHWKHUHTXLUHGVDWXUDWHG
VWUHQJWKDQGEHVXLWDEOHIRUVWUXFWXUDODSSOLFDWLRQV
0DWHULDOVDQG0HWKRGV
0DWHULDOV$VRLOWKDWLVXVHGIRUWKHPDQXIDFWXUHRIFRPPHUFLDOILUHGEULFNVZDVXVHG+HDWKHWDO
 GHPRQVWUDWHG WKDW WKH VRLO XVHG IRU ILUHG EULFNVZDV VXLWDEOH IRU XQILUHG FOD\ EULFNV 7KH
SK\VLFDOSURSHUWLHVDQGPLQHUDOFRQWHQWRIWKHFKRVHQVRLOZDVLQYHVWLJDWHGE\0DVNHOOHWDO
DQGUHSUHVHQWHG LQ7DEOH7KHVRLOFDQEHGHVFULEHGDVDGDUNEURZQVDQG\VLOWZLWKDSODVWLFLW\
FODVVLILFDWLRQRIDORZSODVWLFLW\FOD\%6,QDGGLWLRQWKHSURSHUWLHVSUHVHQWHGE\
0DVNHOOHWDOWKHFKHPLFDOFRPSRVLWLRQRIWKHVRLOZDVGHWHUPLQHGE\;UD\)OXRUHVFHQFH
DQDO\VLV 2QO\ WKH DPRXQW RI VLOLFRQ DOXPLQLXP DQG WKH WKUHH PDLQ PHWDO R[LGHV DUH SUHVHQWHG
DORQJZLWKWKH/RVV2Q,JQLWLRQ/2,
7DEOH6RLO3URSHUWLHV0DVNHOOHWDO
3URSHUWLHV 
3K\VLFDO3URSHUWLHV 
/LTXLG/LPLW 
3ODVWLFLW\,QGH[ 
/LQHDU6KULQNDJH 
3DUWLFOH*UDGLQJ 
6DQG 
6LOW 
&OD\ 
0LQHUDO&RQWHQW 
6LGHULWH 
+HPDWLWH 
6PHFWLWH 
&KORULWH 
,OOLWH 
.DROLQLWH 
4XDUW] 
 
(OHPHQWDO&RPSRVLWLRQZW 
6L2 
$O2 
)H2 
 1RQ&RQYHQWLRQDO0DWHULDOVDQG7HFKQRORJLHVIRU6XVWDLQDEOH(QJLQHHULQJ
.2 
7L2 
/2, 

7KLVUHVHDUFKSURJUDPPHZDVIRFXVVHGRQRQHSDUWLFXODUVRLODQGLQYROYHGLQYHVWLJDWLQJWKHRSWLRQV
IRU VWDELOLVDWLRQ RI WKLV VRLO UDWKHU WKDQ LQYHVWLJDWLQJ ZKLFK VRLOV ZHUH VXLWDEOH JHRSRO\PHU
VWDELOLVDWLRQ7KLVGRHVSURYLGHDFHUWDLQOLPLWDWLRQDV;X	9DQ'HYHQWHUQRWHGWKDWIRU
XQFDOFLQHG FOD\V ³,W LV VWLOO QRW SRVVLEOH WR SUHGLFW TXDQWLWDWLYHO\ZKHWKHU RU QRW D VSHFLILF 6L±$O
PLQHUDOZLOOLQGHHGEHVXLWDEOHIRUJHRSRO\PHULVDWLRQ´
7KH VRLO KDV D6L$O UDWLR RI DQGKDV D ODUJH DPRXQWRI LURQSUHVHQW7KHSUHVHQFHRI LURQ LV
VLPLODU WR WKH ODWHULWLF VRLO XVHG E\'DYLGRYLWV  DQG DOWKRXJK WKHPRODU UDWLR LVZLWKLQ WKH
UDQJHXVHGE\;XDQG9DQ'HYHQWHU  WKLV LVEDVHGRQ WKH;5)UHVXOWV WKDW LQFOXGHVLOLFRQ
ZLWKLQWKHTXDUW]7KLVVWXG\LVWRLQYHVWLJDWHWKHVRLOWKDWLVXVHGIRUWKHEULFNPDQXIDFWXUHIRUWKHLU
VXLWDELOLW\ WREHXVHG IRUJHRSRO\PHULVDWLRQ7KHUHDUHPDQ\GLIIHUHQW W\SHVRI VRLOV WKDWDUHXVHG
ZLWKYDU\LQJPLQHUDORJLFDODQGFKHPLFDOFRPSRVLWLRQEXWWKHIRFXVRIWKLVSDSHULVRQMXVWWKLVRQH
VRLO
7KH JHRSRO\PHUV DFWLYDWRUV WKDWZHUH XVHG IRU WKLV VWXG\ LQFOXGH VRGLXPK\GUR[LGH 1D2+ DQG
VRGLXP VLOLFDWH ZLWK D PRODU UDWLR RI WZR 1D26L2 5DQJHV RI TXDQWLWLHV IRU WKH GLIIHUHQW
DGGLWLYHVZHUHDGGHG
6DPSOH3UHSDUDWLRQ7KHUHKDVEHHQOLPLWHGUHVHDUFKLQWRWKHVWDELOLVDWLRQRIH[WUXGHGHDUWKZKLFK
KDVEHHQDWWULEXWHGWRWKHFRPSOH[LWLHVRIODERUDWRU\VFDOHPDQXIDFWXULQJDQGWHVWLQJ0DVNHOOHWDO
:KLOH0DVNHOOHWDO GHPRQVWUDWHGDVXLWDEOHPHWKRGWRPDNHUHSUHVHQWDWLYHEULFNV
DQ DOWHUQDWLYH PHWKRG RI VDPSOH SUHSDUDWLRQ ZDV GHYHORSHG 7KH VPDOO VFDOH H[WUXVLRQ PHWKRG
UHTXLUHVDVLJQLILFDQWTXDQWLW\RIPDWHULDO WREHUHTXLUHGDQGFRQFHUQVRIVHWWLQJDQGLQVWUXPHQWDO
GDPDJHPHDQWWKDWDGLIIHUHQWWHFKQLTXHZDVXVHG
,QLWLDOO\ WKH VRGLXP K\GUR[LGH LV GLVVROYHG LQWR WKH UHTXLUHG DPRXQW RI ZDWHU DQG WKH VROXWLRQ
DOORZHGWRFRRO7KLVLVWKHQDGGHGWRWKHVRLODQGLVPL[HGDFFRUGLQJWR%6(1
7KLV PHWKRG RI PL[LQJ ZDV FKRVHQ DV LW FORVHO\ UHSUHVHQWV WKH PHWKRG XVHG IRU LQGXVWULDO
PDQXIDFWXUHRIEULFNV7KHSURFHVVRIIRUPLQJIROORZLQJPL[LQJLVODUJHO\FRQWLQXRXVDQGDVVXFK
VWRULQJ WKH PDWHULDO IRU DQ\ SHULRG RI WLPH LQ WKLV FDVH WR DOORZ IRU IXUWKHU GLVVROXWLRQ RI WKH
PLQHUDOVZRXOGEHXQGHVLUDEOH)ROORZLQJWKHPL[LQJWKHPDWHULDOZDVFRPSUHVVHGLQWRF\OLQGULFDO
PRXOGVWKDWFUHDWHGVDPSOHVPHDVXULQJPPLQGLDPHWHUE\PPKLJKDVVKRZQLQ)LJ
.H\(QJLQHHULQJ0DWHULDOV9RO 

)LJ&\OLQGULFDOPRXOG
2SWLPXP0RLVWXUH&RQWHQW7KH VWUHQJWKRI HDUWKHQFRQVWUXFWLRQ LVGHSHQGHQWRQ WKHFKHPLFDO
DQGSK\VLFDOPDNHXSRI WKHVRLO WKHZDWHUFRQWHQWDQGWKHGHQVLW\0DVNHOOHWDO VKRZHG
WKDWWKH2SWLPXP0RLVWXUH&RQWHQW20&DQGPD[LPXPGU\GHQVLW\RIWKHVRLOYDULHGGHSHQGLQJ
RQFRPSDFWLRQRUH[WUXVLRQZLWKH[WUXVLRQUHTXLULQJDKLJKHUPRLVWXUHFRQWHQW:KLOHFRPSDFWLRQ
ZDVXVHGLQWKHVDPSOHIRUPDWLRQLQWKLVVWXG\WKHXOWLPDWHXVHZLOOWREHXVHGZLWKLQWKHH[WUXVLRQ
SURFHVV 7KHUHIRUH WKH GHVLUHGPRLVWXUH FRQWHQW RI WKH VDPSOHV LV WKH VRLO¶V SODVWLF OLPLW DW 
0DVNHOOHWDO$Q\DGGLWLYHWRWKHVRLOLVOLNHO\WRFKDQJHWKHSODVWLFOLPLWDQGWKHUHIRUHWKH
ZRUNDELOLW\ 7KLV LQLWLDO VWXG\ DGGHG D FRQVWDQW DPRXQW RI ZDWHU WR DOO PL[WXUHV 7KH VRLO LQ LWV
HTXLOLEULXPVWDWHLVDWPRLVWXUHFRQWHQWWKHUHIRUHDQDGGLWLRQDORIZDWHUZDVDGGHG
7KHGHQVLW\RIWKHVDPSOHVIRUDQ\JLYHQPRLVWXUHFRQWHQWLVGHWHUPLQHGE\WKHFRPSDFWLYHHIIRUW
7KHVDPHWDPSLQJSURFHVVZDVXVHGWRFUHDWHDOOWKHVDPSOHVVRWKDWDSSUR[LPDWHO\WKHVDPHHQHUJ\
ZDVWUDQVODWHGWRFRPSDFWLRQ
&XULQJUHJLPHV7KHFXULQJWLPHZDVYDULHGWRLQYHVWLJDWHKRZWKHVWDELOLVDWLRQHIIHFWZRXOGYDU\
ZLWK HOHYDWHG WHPSHUDWXUHV DQG DFFHOHUDWHG GU\LQJ$OO WKH VSHFLPHQVZHUH OHIW GU\LQJZLWKLQ WKH
PRXOGV IRU WZR GD\V DW & DW  UHODWLYH KXPLGLW\ $IWHU GHPRXOGLQJ KDOI WKH VSHFLPHQV
UHPDLQHGLQWKLVFRQGLWLRQXQWLOWHVWLQJ7KHRWKHUKDOIZHUHKHDWHGWR&IRUWZRGD\VLQDQRYHQ
DIWHUZKLFKWKH\ZHUHUHPRYHGDQGUHWXUQHGWRFRQGLWLRQVRI&DWUHODWLYHKXPLGLW\
7HVWLQJ0HWKRGV7KHUHDUHQR%ULWLVKRU(XURSHDQ6WDQGDUGWHVWLQJPHWKRGVIRUHDUWKPDVRQU\$
VXLWDEOHPHWKRGRIWHVWLQJH[WUXGHGHDUWKZDVGLVFXVVHGE\0DVNHOOHWDOZLWK:DONHU
DQG 0RUHO HW DO  GLVFXVVLQJ PHWKRGV RI WHVWLQJ &(%V )RU WKLV UHVHDUFK FRPSUHVVLYH
VWUHQJWKV ZHUH FDOFXODWHG E\ FUXVKLQJ XQFDSSHG VSHFLPHQV DQG UHFRUGLQJ WKH SHDN FRPSUHVVLYH
ORDG
6SHFLPHQVZHUH WHVWHG DW  GD\V DQG XQGHU YDU\LQJFXULQJ FRQGLWLRQV2QH JURXS RI VSHFLPHQV
ZHUHDLUGULHGDW&DWUHODWLYHKXPLGLW\ZKLOHWKHRWKHUWKHVDPSOHZDVIXOO\LPPHUVHGLQ
GLVWLOOHGZDWHU IRUKRXUVSULRU WR WHVWLQJ7KHVHUHSUHVHQW WHVWLQJWKHVSHFLPHQVµGU\¶DQGµZHW¶
FRQGLWLRQV UHVSHFWLYHO\ 0DVNHOO HW DO  FRPPHQWV WKDW ODFN RI VDWXUDWHG VWUHQJWK RI HDUWK
PDVRQU\ LV RQH RI WKH JUHDWHVW EDUULHU WR LWV DGRSWLRQ DQG VKRXOG EH WHVWHG HYHQ LI LW LV QRW
UHSUHVHQWDWLYHRILQVHUYLFHFRQGLWLRQV
 1RQ&RQYHQWLRQDO0DWHULDOVDQG7HFKQRORJLHVIRU6XVWDLQDEOH(QJLQHHULQJ
5HVXOWVDQG'LVFXVVLRQ
7KHUH ZDV QRWLFHDEOH YDULDELOLW\ LQ WKH ZRUNDELOLW\ RI WKH YDULRXVPL[HV 7KLV FDQ EH VHHQZLWK
UHVSHFW WR WKH VXUIDFH ILQLVKDV LQ)LJ  ,QSDUWLFXODU WKHVRGLXPK\GUR[LGHDQGVRGLXP
VLOLFDWH DQG WKHVRGLXPK\GUR[LGH DQGVRGLXPVLOLFDWHZHUHDGKHULQJ WR WKH VLGHVRI WKH
PRXOGVDQGZHUHXQDEOHWREHUHPRYHGZLWKRXWGDPDJH

)LJ(DUWKHQF\OLQGHUVDPSOHV
7KHUHVXOWVDUHDYHUDJHGIURPDVDPSOHVL]HRIVL[VSHFLPHQVIRUHDFKWHVWDQGDUHSUHVHQWHGLQ)LJ
 DQG )LJ  7KH FRHIILFLHQWV RI YDULDWLRQ IRU WKHPHDVXUHG FRPSUHVVLYH VWUHQJWK WHVWV ZHUH DOO
EHORZ7KHFRQWUROVDPSOHFRQVLVWHGRIWKHVDPHEULFNFOD\ZLWKQRDGGLWLRQDOVWDELOLVHUDGGHG
DQG SUHSDUHG WR WKH VDPH PRLVWXUH FRQWHQW 6WDWLVWLFDO PHWKRGV RI DQDO\VLV ZHUH XVHG ZLWK D
FRQILGHQFHOHYHORI


)LJ'U\GHQVLW\DQGGU\FRPSUHVVLYHVWUHQJWKIRUGLIIHUHQWFXULQJWHPSHUDWXUHV
.H\(QJLQHHULQJ0DWHULDOV9RO 

)LJ:HWFRPSUHVVLYHVWUHQJWKIRUGLIIHUHQWFXULQJWHPSHUDWXUHV
&RPSDULVRQWRHDUWKHQEULFNV7KHUHVXOWVIRUWKHF\OLQGHUVFDQLQLWLDOO\EHFRPSDUHGWRIXOOVFDOH
EULFN UHVXOWV SUHVHQWHG E\0DVNHOO HW DO  7KH  GD\ FRPSUHVVLYH VWUHQJWKV IRU IXOO VFDOH
VFDOHEULFNVZLWKD&DQG&FXULQJUHJLPHDUHDQG1PPUHVSHFWLYHO\6WUHQJWKV
DFKLHYHG E\ WHVWLQJ WKH F\OLQGHUV UHSUHVHQW  DQG  RI WKH PHDVXUHG EULFN VWUHQJWK 7KH
YDULDWLRQLQVWUHQJWKFRXOGEHDWWULEXWHGWRGLIIHULQJIDFWRUVLQFOXGLQJGHQVLW\PRLVWXUHFRQWHQWDQG
DVSHFWUDWLR
7KH GHQVLW\ EHWZHHQ WKH F\OLQGHUV DQG IXOO VFDOH EULFNV DUH QRWLFHDEO\ GLIIHUHQW7KH DYHUDJH GU\
GHQVLW\RIWKHXQVWDELOLVHGF\OLQGHUVLVNJPFRPSDUHGWRNJPIRUWKHIXOOVFDOHEULFNV
7KHPHWKRGRIFRPSDFWLRQZDVXQDEOHWRUHSUHVHQWWKDWDFKLHYHGE\H[WUXVLRQZKLFKLVHYLGHQWE\
WKHYRLGVDQGVXUIDFHTXDOLW\RIWKHF\OLQGHUVDVLQ)LJ
7KH FRPSUHVVLYH VWUHQJWK RI WKH HDUWKHQPDWHULDO LV UHODWHG H[SRQHQWLDOO\ WR WKHPRLVWXUH FRQWHQW
+HDWKHWDO7KHPRLVWXUHFRQWHQWKDVEHHQVKRZQWRYDU\EHWZHHQVPDOOVDPSOHVDQGIXOO
VFDOHVDPSOHVZKLFKFDQEHFRUUHFWHGIRU0DVNHOOHWDO7KLVGLIIHUHQFHLQPRLVWXUHFRQWHQW
FRXOGEHDWWULEXWHGWRWKHUDWHRIGU\LQJZKLFKZRXOGEHVLJQLILFDQWO\JUHDWHULQWKHVPDOOF\OLQGHUV
GXH WR WKH JUHDWHU VXUIDFH DUHD WR YROXPH UDWLR7KH DYHUDJHPRLVWXUH FRQWHQW RI WKHXQVWDELOLVHG
F\OLQGHUV LVDQGIRU WKHDQG&FXULQJUHJLPHUHVSHFWLYHO\ZKLFK LVVLJQLILFDQWO\
ORZHUWKDQWKHIXOOVFDOHEULFNV
7KHDVSHFWUDWLRRIWKHF\OLQGHUVLVZKLOHDEULFNVDVSHFWUDWLRLVZKLFKLVOLNHO\WRFDXVH
YDU\LQJ SODWHQ UHVWUDLQ HIIHFWV 7KH HIIHFW RI SODWHQ UHVWUDLQW GHFUHDVHV ZLWK LQFUHDVLQJ GLVWDQFH
EHWZHHQWKHSODWHQV0DVNHOOHWDOGHPRQVWUDWHGWKHHIIHFWRIDSSDUHQWFRPSUHVVLYHVWUHQJWK
ZLWKYDU\LQJDVSHFW UDWLRVRIEULFNV$OWKRXJK WKHFURVVVHFWLRQDODUHDVEHWZHHQ WKHF\OLQGHUVDQG
EULFNVGLIIHU WKHFRUUHFWLRQ IDFWRUVSURYLGHGE\0DVNHOO HW DO FDQEHXVHG WRHVWLPDWH WKH
HIIHFWRIDVSHFWUDWLR7KHGLIIHUHQWDVSHFWUDWLRDFFRXQWVIRUDSSUR[LPDWHO\RIWKHYDULDWLRQLQ
VWUHQJWKEHWZHHQ WKHF\OLQGHUVDQG WKHEULFNV7KH UHPDLQLQJYDULDELOLW\ LV OLNHO\ WREHGXH WR WKH
GLIIHUHQFHLQGHQVLW\DQGPRLVWXUHFRQWHQWV
(IIHFWRIFXULQJWHPSHUDWXUH7KHHIIHFWRIHOHYDWHGWHPSHUDWXUHVRQWKHFRPSUHVVLYHVWUHQJWKZDV
HYDOXDWHG,QDOOWHVWPL[HVDSDUWIURPWKHXQVWDELOLVHGVSHFLPHQVFXULQJWKHVSHFLPHQVIRUWZRGD\V
DW & LQFUHDVHG WKH FRPSUHVVLYH VWUHQJWK 7KLV GHFUHDVH LQ VWUHQJWK IRU WKH XQVWDELOLVHG
VSHFLPHQVLVXQH[SHFWHGEXWLVVWDWLVWLFDOO\LQVLJQLILFDQWDQGFDQEHDFFRXQWHGIRUE\WKHYDULDELOLW\
 1RQ&RQYHQWLRQDO0DWHULDOVDQG7HFKQRORJLHVIRU6XVWDLQDEOH(QJLQHHULQJ
RI WHVWLQJ1RQHRIWKHVWDELOLVHGVSHFLPHQVFXUHGDW&VWDWLVWLFDOO\VKRZHGDQLPSURYHPHQWLQ
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VLJQLILFDQWYDULDWLRQLQPHDVXUHGVWUHQJWK
6XPPDU\DQG&RQFOXVLRQV
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VDPSOHV DQG LQKHUHQW YDULDELOLW\ WKHQ WKH VXLWDELOLW\ WR UHSUHVHQW IXOO VFDOH EULFNV QHHGV WR EH
FRQVLGHUHG 7KH SURYLVLRQDO ZRUN SUHVHQWHG KHUH LQGLFDWHG WKDW WKHUH ZDV D UHGXFWLRQ RI
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([DPSOHVLQWKHOLWHUDWXUHKDYHVKRZQVXFFHVVIXOJHRSRO\PHULVDWLRQPD\KDYHEHHQDFKLHYHGZLWK
DQRWKHUVRLORUDGLIIHUHQWSURFHVVEXWDVQRWHGLQWKHOLWHUDWXUHLW LVQRWSRVVLEOH WRTXDQWLWDWLYHO\
SUHGLFW ZKHWKHU D SDUWLFXODU VRLO LV VXLWDEOH IRU JHRSRO\PHULVDWLRQ $ GLIIHUHQW VRLO ZLOO KDYH D
GLIIHUHQWPLQHUDORJLFDODQGFKHPLFDOFRPSRVLWLRQFRPSDUHGWRWKHRQHVWXGLHGKHUHDQGWKLVFKDQJH
LQPRODUUDWLRVPD\EHVXIILFLHQWWROHDGWRDVXFFHVVIXOVWDELOLVDWLRQWKURXJKJHRSRO\PHULVDWLRQ
$QLQKHUHQWFKDUDFWHULVWLFRIEULFNVRLOLVWKHSDUWLFOHVL]HGLVWULEXWLRQRIWKHVRLOWKDWLVFRPSRVHGRI
PDMRULW\ RI ILQHV 7KH OLWHUDWXUH JHQHUDOO\ GLG QRW GLVFXVV WKH HIIHFW RI SDUWLFOH VL]H GLVWULEXWLRQ
ZKLFKLVNQRZQIURPRWKHUHDUWKFRQVWUXFWLRQWHFKQLTXHVDQGWUDGLWLRQDOFRQFUHWHGHVLJQWRKDYHD
VLJQLILFDQWHIIHFWRQVWUHQJWK7KHSURFHVVRILQGXVWULDOH[WUXVLRQLVIDLUO\OLPLWHGZLWKUHVSHFWWRWKH
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